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AERONAUTICAL  SYMBOLS 

I.  FUNDAMENTAL  AND  DERIVED  UNITS 


Symbol 

Metric 

EngHuh 

Unit 

Symbol 

Unit 

Symbol 

/ 

/ 

Force _ 

F 

weight  of  1  kilogram _ 

kg 

weight  of  1  pound _ 

lb. 

P 

Speed _ _ 

m.p.s. 

f.p.B. 

2.  GENERAL  SVMBOLS,  ETC. 


If, .  Weight  =  mg 

g,  Standard  acceleration  of  gravity  =  9.80665 
m/s2  =  32.1740  ft. /sec.1 

W 

m,  Mass  =  — 

’  9 

p,  Density  (mass  per  unit  volume). 

Standard  density  of  dry  air,  0.12497  (kg-m~* 
s2)  at  15°  C.  and  760  mm  =  0.002378 
(lb. -ft.-4  sec.2). 

Specific  weight,  of  “standard”  air,  1.2255 
kg/m1  =  0.07651  lb./ft.3. 


rrtk2,  Moment  of  inertia  (indicate  axis  of  the 
radius  of  gyration  k,  by  proper  sub¬ 
script). 

S,  Area. 

S„,  Wing  area,  etc. 

G,  Gap. 

b,  Span. 

c,  Chord. 

£r>  Aspect  ratio, 
p,  Coefficient  of  viscosity. 


3.  AERODYNAMICAL  SYMBOLS 


V,  True  air  speed. 
q,  Dynamic  (or  impact)  pressure =|pF1. 

L 


1 


L,  Lift,  absolute  coefficient  CL  = 


qS 


D,  Drag,  absolute  coefficient  CD  =  ^ 

D„,  Profile  drag,  absolute  coefficient  CDo 


qS 

D, 


Dt,  Induced  drag,  absolute  coefficient  CD)=^‘ 

Dv,  Parasite  drag,  absolute  coefficient  CDp = ^ 
C,  Cross-wind  force,  absolute  coefficient 

c_c 

Cc~qS 

R,  Resultant  force. 

iw,  Angle  of  setting  of  wings  (relative  to 
thrust  line). 

i„  Angle  of  stabilizer  setting  (relative  to 
thrust  line). 


Q,  Resultant  moment. 

0,  Resultant  angular  velocity. 

T1 

p — >  Reynolds  Number,  where  l  is  a  linear 
11  dimension. 

e.  g.,  for  a  model  airfoil  3  in.  chord,  100 
mi. /hr.  normal  pressure,  at  15°  C.,  the 
corresponding  number  is  234,000; 
or  for  a  model  of  10  cm  chord  40  m/s, 
the  corresponding  number  is  274,000. 
C„  Center  of  pressure  coefficient  (ratio  of 
distance  of  c.  p.  from  leading  edge  to 
chord  length). 
a,  Angle  of  attack. 

«,  Angle  of  downwash. 
o„  Angle  of  attack,  infinite  aspect  ratio. 
a,,  Angle  of  attack,  induced. 
a„  Angle  of  attack,  absolute. 

(Measured  from  zero  lift  position.) 
y  Flight  path  angle. 
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on  A"2,  is  obtained  from  figure  12.  In  using  I  longitudinal  stability.  This  is  one  method  of  explaining 
this  fieure.  the  averaee  asnect  ratio  of  the  two  [  the  improvement  in  longitudinal  stability  due  to 
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Hence 

CLv  =  CL- 0.022  +  0.138  CL 


Bureau  of  Aeronautics, 
Navy  Department, 
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RELATIVE  LOADING  ON  BIPLANE  WINGS 

By  Walter  S.  Diehl 


SUMMARY 

It  is  shown  that  the  lift  coeffieie  nts  of  the  hull  riel  uni 
wings  of  n  biplane  are  giren  by 

+  Af/.r 

and 

I  i.L  -<'l  Af 'll 

Where  CLv,  CLl ,  and  <  V  are  the  lift  coefficients  Jor  the 
upper  wing,  lower  wing,  and  biplane ,  respectirely. 

For  the  upper  wing  it  is  shown  that 
\C,„,  -  K,  +  K/’l 

A',  ane I  K,  being  functions  of  gap! chord,  stagger,  aspect 
ratio,  decalage,  overhang  and  wing  thickness.  The  com¬ 
bination  of  existing  biplane  theory  and  experimental 
data  supply  curves  from  which  K ,  and  A’2  can  easily 
be  determined  for  any  biplane.  This  enables  the  de¬ 
signer  to  calculate  uith  reasonable  accuracy  the  relatire 
loading  for  any  condition  of  flight. 

INTRODUCTION 

The  accuracy  of  a  hipJane  stress  analysis  depends 
greatly  on  the  accuracy  with  which  the  loads  on  each 
wing  can  he  determined.  The  division  of  the  load 
between  biplane  wings  has  usually  been  determined  in 
the  current  stress  analysis  methods  front  a  chart 
giving  the  “relative  efficiency”  as  a  function  of 
gap/chord  ratio  and  stagger.  This  “relative  efficiency  ” 
or  ratio  of  the  lift  coefficient  of  the  upper  wing  to  lift 
coefficient  of  the  lower  wing  has  been  based  on  the 
average  values  at  high  lift  coefficients  and  therefore 
does  not  necessarily  hold  true  for  all  lift  coefficients. 
Recent  improvements  in  stress  analysis  methods  have 
made  it  necessary  to  revise  and  to  extend  the  loading 
curves  to  cover  all  conditions  of  flight.  This  paper 
is  concerned  with  a  study  of  existing  biplane  data 
in  connection  with  such  a  revision. 

A  survey  of  theoretical  biplane  data,  in  which  num¬ 
erous  comparisons  were  made  between  observed  and 
calculated  lift  curves,  showed  that  while  the  agreement 
between  theory  and  experiment  is  reasonably  close, 
the  theoretical  methods  do  not  appear  entirely  satis¬ 
factory  except  at  moderate  lift  coefficients.  By  com¬ 
bining  the  experimental  and  theoretical  data,  however, 


it  is  possible  to  derive  a  series  of  curves  from  which 
the  lift  curves  of  the  individual  wings  of  a  biplane  may 
be  obtained. 

BIPLANE  THEORY 


The  first  important  contribution  to  biplane  theory 
was  due  to  Betz  (reference  1).  This  theory  was 
elaborated  by  Fuchs  (reference  3),  and  is  given  in  its 
final  form  by  Fuchs  and  Hopf  in  chapter  IV  of  their 
book  Aerodynatnik  (reference  4).  Denoting  the  upper 
and  lower  wing  by  the  subscripts  C  and  L.  respectively, 
the  lift  equations  are 


At,L~  ~  'Ft  bffbL  1 


'u.'.i 

U 


(r  t  a) 


A<V  = 

+ 

irtbrbj LL<  L,,+  4r  (  ‘ 

sl  ,,  (dCLv 
b,*LLL\  do 

h 

Where 

S 

is  area  and  b  the  span,  ft,  v, 

and  *  are  funct 

ions 

of  gap 

G, 

wing  span  and  stagger  0. 

If  we  let 

\  _  ^  |  ,  b i 

X[  —  ^  ^  Xo  — 

K 

‘20 

Then 

m  ~  a(b>  i  —  n(b 

(3) 

v  -  r(Ai)  -  *(Aj) 

(4) 

and 

Jl 

* 

1 

e< 

II 

* 

(5) 

That  is,  the  value  of  u,  a  or  *  for  a  given  biplane  is  the 
difference  between  the  values  for  A,  and  X2. 

The  variations  of  n,  v,  and  k  with  A  are  given  by  the 
relations 

g(\)  =  cos0[(l  (  X2 cos2  1  ]  (6) 

v  (X)  =  sin  0  [(1  +  X2  cos2  0)l/2  -  1| 


+  log'. 


_  (1  +  sin  0 )  v  1  +  A2 
sin  0  +  -y  l  1  X2  cos2  0 


(7) 


«(X)  =  2l0e^1  +  XZ| 


(8) 


Values  of  g(A),  v ( \)  and  *(X)  from  the  above  equa¬ 
tions  are  plotted  in  figures  1,  2,  and  3.  f X )  and  y(\) 
vary  with  stagger  but  a(X)  is  independent  of  stagger. 
Since  stagger  varies  with  angle  of  attack  it  will  be 
found  more  convenient  and  more  accurate  to  read 
values  of  p(X)  and  r(A)  at  some  particular  stagger  and 
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TABLE  VII 

EFFECT  OF  cmnsn  RATIO  ON  K, 


TABLE  IX 

VARIATION  OF  K,  WITH  HT ADDER 
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then  apply  a  correction  for  the  stagger  corresjxmding 
to  each  angle  of  attack.  Figure  4  gives  the  varia¬ 
tion  of  g(X)  with  stagger  in  terms  of  the  value  of  m(X) 
for  zero  stagger.  Figure  .5  gives  the  variation  of 
g(X)  with  stagger  in  terms  of  the  value  of  W  X)  for  ,50° 
stagger.  The  angle  of  stagger  is  to  be  measured  l>e- 
tween  the  lift  direction  and  the  line  connecting  the 
one  third  chord  points  (measured  from  the  leading 
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5 


Equation  (l'  gives  the  change  in  the  lift  coefficient 
of  the  lower  wing  due  to  the  presence  of  the  upper 
wing.  Equation  (.2)  gives  the  change  in  the  lift 
coefficient  of  the  upper  wing  to  the  presence  of  the 
lower  wing.  Similar  equations  for  the  change  in  drag 
coefficients  are  given  in  reference  4,  as  follows: 


Af — 


M  Sr 

-  r  6,  6, 


(\„Cn 


r  I  k  ‘‘L  ,  M'*, 

4 if  b,  b ;  L  do 


\t'  _  P  *'t-  /'  /> 

S<“':  2  tM/11"'' 

,  »  -  K  ’lL  r «»<•*„„ 
4ir  brbL  da 


(f) 


(H>) 


Munk  also  finds  the  additional  lift  coefficient  due  to 
decalage  of  •  6  as: 

A(’t  t  2ir^£„(l  (  2 d)i  (12) 

wliere  Hj  l  (  2d)  is  a  factor  obtained  in  Ills  integration 
of  the  flow  components.  #„(l+2d)  is  given  as  a 
function  of  gap/chord  ratio  as  follows: 

f.’/r  2.02  1.40  1.11  .98  .79  .64  .56  .46  .39 

/f„(  1  f  2d)  1.03  1.06  1.10  1.12  1.19  1.251.301.38  1.48 
These  values  are  plotted  in  figure  7. 

Millikan’s  treatment  of  the  biplane  theory  (reference 
7),  is  along  lines  very  similar  to  that  used  in  reference  4 , 
but  extending  the  theory.  The  resulting  equations 
appear  to  give  somewhat  better  agreement  with  test 
data  than  is  obtained  with  the  previous  methods,  but 


Munk,  in  reference  5,  derives  comparatively  simple 
formulas  for  the  biplane.  He  finds  that  the  additional 
lift  coefficient  of  stuggered  wings  is 


Af,. 


■>C  S(  1 

'  lA  k- 


b  H  C 

fi  r  b 


(ID 


where  S  is  the  total  area,  *  the  stagger,  b  (lit1  span, 
r  the  chord,  k  the  equivalent  monoplane  span  factor, 
and  It  a  distance  used  in  calculating  the  induced 

downwash.  Munk  r ^ves  k2  ^O.S^as  a  function  of 


the  ratio  of  gap  to  span  Gjb.  His  tabulated  values 
have  been  plotted  in  figure  6. 


Gqo 

Chord 

FiiiCKKT.  KtTeot  of  iWi’uhtKe <>n  lift  «listrihulion.  Table  I.  N.A.t'.A.  T.K.  No.  151. 
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it  is  very  difficult  for  an  engineer  to  follow  the  steps 
required  in  a  typical  calculation. 

It  is  proposed  to  show  how  the  foregoing  theory  may 
be  used  with  test  data  in  the  derivation  of  working 
charts  for  routine  use. 

I.  SIMPLE  BIPLANES 


It  is  desirable  for  the  present  to  consider  the  simplest 
form  of  biplane  in  whieb  tbe  wings  are  of  same  chord 
and  span,  and  to  study  the  effect  of  stagger.  The 
effect  of  unequal  chords,  decalage,  and  overhang  can 
be  considered  later. 

Equation  ( 1 1 )  is  equivalent  to  a  statement  thut  the 
lift  coefficient  of  the  upper  wing  (or  lower  wing)  differs 
from  that  of  the  biplane  by  an  amount  depending 
directly  on  the  biplane  lift  coefficient.  That  is, 

•  Af,  (13) 

or 

f f  V  *  f  '/.  (Ida) 

At',,  varying  with  stagger  and  gap/spun  ratio  as 
indicated  by  equation  (11)  and  figure  ti. 


i MW  c.  Data  from  N.A.C.A.  T.R.  No.  25fi. 


In  order  to  verify  the  relation  of  equation  (13),  data 
from  a  number  of  biplane  tests  have  been  analyzed  by 
the  method  illustrated  in  table  1.  The  values  of  A CLv 
so  obtained  have  been  plotted  against  the  biplane  lift 
coefficient  as  in  figure  N.  In  all  cases  the  values  of 
A (\.v  have  shown  a  linear  relation  with  C,..  The  test 
data  and  calculations  are  too  extensive  for  inclusion  in 
this  report  but  tbe  equations  of  the  lines  are  given  in 
tables  II  to  V  inclusive.  An  inspection  of  these  equa¬ 
tions  shows  several  outstanding  facts,  the  most  im¬ 
portant  of  which  is  that  the  value  of  ACit,  has  the 
general  form 


K\  and  K,  being  functions  of  gap/chord,  stagger, 
decalage,  overhang  and  wing  thickness.  The  observed 
variation  of  K,  with  these  factors  is  in  surprisingly 
good  agreement  with  the  wing  theory  and  in  particular 
with  the  values  given  by  Munk’s  equations,  as  will  be 
shown  later.  The  presence  of  the  constant  A',  for 
biplanes  without  decalage  is  not  indicated  by  existing 
theory  but  these  data  have  been  shown  to  l)r.  Munk, 
who  suggests  that  A',  is  due  to  the  Venturi  effect  be¬ 
tween  the  wings.  In  the  case  of  the  orthogonal  biplane 
a  simple  integration  of  the  How  between  the  wings  on 
this  basis  gives  a  reduction  in  pressure  of  the  order 
required  by  the  average  value  of  A’,. 

Assuming  that  A',  is  due  to  the  Venturi  effect  it 
should  vary  with  the  restriction,  or  the  ratio  of  wing 
thickness  to  gap  t/(l,  and  with  stagger.  Table  VI  con¬ 
tains  the  results  of  an  analysis  on  this  basis  of  test  date 
in  which  the  stagger  was  varied  with  gap chord  con¬ 
stant.  The  fifth  column  of  this  table  is  the  value  of  A', 
for  zero  stagger  and  the  sixth  column  is  the  slope  of  A) 
when  plotted  against  stagger  The  values  of  A’,  for 
zero  stagger  are  plotted  in  figure  (I  and  a  probable 
curve  is  drawn  through  the  points  which  are  fairly 
consistent.  Values  of  aA,  A*  from  column  ti  of  table 
VI  are  plotted  on  figure  10.  As  might  be  expected,  the 
scattering  of  the  points  is  greater  here  than  in  figure  0 
since  the  difficulty  of  eliminating  decalage  is  greater 
when  stagger  is  present.  It  should  be  noted  that  the 
values  of  A)  are  quite  small  and  correspond  to  an 
angular  change  of  less  than  one  half  a  degree,  so  that 
the  usual  error  in  measuring  the  alignment  may  be¬ 
come  a  relatively  large  item.  The  value  of  K ,  is 
greatly  affected  by  decalage,  as  will  be  shown  later. 
It  would  be  highly  desirable  to  determine  the  curve  of 
figure  10  accurately  by  special  wind-tunnel  tests. 


EFFECT  OF  GAP/CHORD  ON  THE  COEFFICIENT  K2 


Monk’s  relation,  equation  (11),  indicates  that  A"2 
varies  with  the  ratios  of  gap/span  and  stagger/chord. 
Although  the  ratio  of  gap/span  offers  some  advantages 
with  no  difficulties,  the  ratio  of  gap/chord  is  easier 
to  visualize  and  the  latter  will,  therefore,  be  used 
to  study  the  effect  of  stagger.  Table  VII  contains 
calculations  for  a  set  of  typical  curves  showing  the 
variation  of  K2  with  gap/chord.  These  curves  are 
plotted  as  solid  lines  on  figure  1 1 .  They  are  obtained 


by  taking  the  values  ofj^p  — 0.5^ 


relative  to  the  value 


for  gap/chord  =  1 .00  and  assuming  values  of  K2  for 
this  condition.  Observed  values  of  K2  for  varying 
gap/chord  with  constant  stagger,  from  tables  II  to  V, 
are  connected  by  broken  lines  in  each  series  in  the 
plotting  on  figure  1 1 .  The  observed  variation  of 
Kt  with  gap/chord  is  seen  to  be  in  excellent  agreement 
with  Munk’s  theoretical  analysis.  A  set  of  correction 
curves  may  now  be  prepared  from  figure  6  and  table 
VII  for  use  in  reducing  observed  values  of  K,  to 


ACxy  —  A'i  +  AjCi 


(14) 
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FkiI'rk  9.— Effect  of  wing  tbickuess  an<l  gap  on  AY 


0  04  .03  .13  J6  .30 

D  ..  Wing  thickness  t 
°  '  *  Oipfone  gap  ~  G 
Fiousb  10.— Effect  of  stagger  on  AY 

gap/chord  =  1.00  and  thereby  separating  the  effect  of 
gap/chord  and  stagger.  The  calculations  are  given 
in  table  VIII.  For  each  assumed  ratio  of  span  to 
chord,  the  values  of  gap/span  are  calculated  from  the 

first  column  values  of  gap/chord.  The  factor 

^  j  -  0.5^  is  then  read  from  figure  6.  These  values  are 

then  taken  relative  to  the  value  for  6  =  6c  and 
gap/chord  =  1.00,  for  which  ft  =  0.675  from  figure  6. 

36 

The  ratios  are  then  multiplied  by  as  required  by 


equation  (11).  The  resulting  values  which  are  plotted 
on  figure  12,  show  the  relative  variation  of  A'„.  with 
gap/chord. 

EFFECT  OF  STAGGER  ON  THE  COEFFICIENT  K: 

Stagger  may  be  given  in  terms  of  its  ratio  to  either 
gap  or  chord,  or  in  degrees.  It  should  be  measured 
from  the  line  connecting  the  forward  third  points  on 
the  chords  and  in  a  fore  and  aft  vertical  plane.  The 
true  stagger  varies  with  angle  of  attack  but  that 
>  given  in  the  tabulation  of  data  is  usually  measured 
from  the  zero  angle  of  attack.  In  plotting  up  test 
data  on  widely  different  sections  it  was  found  that 
very  much  better  agreement  was  obtained  by  using 
the  stagger  measured  at  the  zero  lift  attitude.  This 
may  be  called  the  “effective  stagger.’’  The  effective 
stagger  will  therefore  be  used. 

Observed  values  of  A",  from  the  tests  with  varying 
stagger  listed  in  tables  II  to  V  have  been  collected  in 
table  IX  and  corrected  to  gap/chord  =  1 .00  by  use  of 
the  curves  of  figure  12.  The  corrected  values  have 
been  plotted  on  figure  13.  With  the  exception  of 
points  at  negative  stagger  and  for  low  gap/chord 
ratios,  the  value  of  K2  for  gap/chord  =  1 .00  is  given 
satisfactorily  by  the  linear  relation 

ft  =  0.050  +  0. 17  (15) 

where  x/c  is  the  basic  stagger  measured  at  zero  lift. 
The  deviations  of  the  points  from  this  line  are  due 
partially  to  experimental  errors  and  partially  to  the 
difficulty  in  determining  the  direction  of  the  lines 
from  which  ft  is  read  on  the  original  plots  of  ACLd 
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!  second  case,  the  agreement  is  exact  from  0.75  to  1.5(1, 
but  the  results  for  gap/chord  ratio  0.5  deviate  from 
the  general  curve.  The  theory  can  therefore  l>e 
regarded  as  quite  satisfactory  in  all  practical  appli- 
:  cations.  The  deviation  at  the  smallest  gap  implies 
that  the  theory  must  he  examined  more  accurately 
in  this  ease.  In  developing  the  theory  it  has  been 
assumed  that  one  wing  may  be  treated  as  a  lifting  line 
j  as  regards  its  influence  on  the  other  wing,  and  this 
assumption  probably  breaks  down  when  the  gap 
1  becomes  as  small  as  one  half  of  the  chord."  (ilauert 
also  states  in  reference  ti,  "It  will  be  noticed  that  the 
calculated  values  are  in  good  agreement  with  the 
observed  values  for  positive  angles  of  stagger,  but 
that  there  is  a  definite  discrepancy  in  the  case  of 
negative  stagger,  for  which  no  explanation  has  been 
found  as  yet.” 


against  CL,  of  which  figure  <S  has  been  given  as  an 
example.  This  uncertainty  is,  in  general,  of  the  order 
of  0.01  in  the  value  of  K2.  With  this  in  mind  the 
agreement  is  quite  satisfactory. 

In  connection  with  the  scattering  of  the  points  for 
low  ratios  of  gap/chord,  Glauert  states  in  reference  6, 
‘‘In  the  first  case,  exact  agreement  is  obtained  for 
gap/chord  ratios  ranging  from  0.67  to  2.33.  In  the 


It  is  fortunate  that  the  interest  in  low  gap/chord 
values  and  negative  stagger  is  academic  at  present. 
There  is  some  question,  however,  as  to  whether  a 
biplane  with  small  stagger  at  positive  lifts  acts  like  a 
biplane  with  negative  stagger  at  negative  lifts.  No 
biplane  tests  covering  the  negative  range  are  available 
to  decide  this  point.  Most  of  the  available  data,  con¬ 
densed  in  tables  II  to  V,  are  not  carried  very  far  below 


RELATIVE  LOADING 

zero  lift.  Those  that  do  extend  to,  say,  (\  —0.30 

show  no  change  in  the  value  of  AY  Figure  13  indicates 
that  there  should  be  no  change  for  small  negative 
staggers,  hut  this  point  cannot  be  determined  without 
a  revision  of  the  theory  and  special  tests. 

II.  BIPLANES  WITH  DECALAGE 


Decalage  has  been  defined  as  the  acute  angle  between 
the  wing  chords  of  a  biplane.  This  is  equivalent  to  the 


Kl'.IHi  i:t  Variation  of  Kt  with  stasger  for  YYj  -  It  HI  Basel  on  the  affective 
.•najojer  at  zero  lift. 


No.  151. 

difference  between  the  angles  of  incidence  of  the  upper 
and  lower  wings.  There  is  some  confusion  regarding 
the  sign  of  the  decalage,  but  the  weight  of  authority' 
and  usage  favors  the  definition  of  positive  decalage  for 
the  lower  wing  at  a  positive  angle  with  respect  to  the 
upper  wing  so  that  the  chord  lines  of  the  tipper  and 
lower  wings  intersect  forward  of  the  lending  edge. 

The  great  influence  of  decalage  on  lift  distribution 
and  stability  has  not  been  fully  appreciated  by  air- 

179153—33 - 2 
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plane  designers.  The  definitions  have  been  based  on 
geometrical  angles,  which  may  be  misleading.  For 
the  purpose  of  this  study  it  is  necessary'  to  use  aero¬ 
dynamic  dt-.-alage  measured  from  the  zero  lift  direc¬ 
tions  in  the  upper  and  lower  wing,  and  not  from  the 
chord  lines.  The  decalage  will  lie  considered  positive 
when  the  zero  lift  direction  lines  intersect  forward  of 
the  leading  edge.  The  zero  lift  direction  for  each  wing 
is  further  defined  as  the  direction  of  the  relative  wind 
for  zero  lift  on  that  wing. 


fV.i'RE  15.  Effect  of  ilecalatfe  on  AY  From  M uiik's  tests  (reference 


According  to  Munk,  equation  (12),  the  elfect  of 
decalage  is  to  change  the  lift  coefficients  of  the  individ¬ 
ual  wings  by  an  equal  and  opposite  increment  which  is 
a  function  of  the  gap/chord  ratio  and  directly  propor¬ 
tional  to  the  decalage  angle.  That  is,  the  chief  efTect 
of  decalage  is  to  change  the  value  of  A',  in  equation 
(14). 

The  factor  Ii0  (1  1  2d)  in  equation  (12)  has  been 
given  in  figur'  7.  This  may  be  replotted  to  give  values 
of  H„  (1  +  2d)  relative  to  the  value  for  gap/chord  =  1.00, 
as  in  figure  14.  This  form  is  convenient  for  comparing 
the  theoretical  and  the  observed  variation  in  AY 
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Figure  15  is  a  plot  of  the  values  of  K ,  against  deca- 
lage  from  Ntunk's  tests  abstracted  in  table  V.  Data 
from  Mock's  tests  (reference  14)  are  plotted  on  figure 
lti.  In  figure  15  the  slope  of  the  lines  are  as  follows: 


Gap 

Chord 

Stagger 

AA, 

Ai 

1.  00 

0 

.  0635 

1 .  00 

.  50 

.  0635 

.  67 

0 

.  071 

.  67 

.  50 

.  071 

Mock's  tests  (fig. 

161  give 

=■  -  .063  for  gap 

chord  =  100  Munk’ 

s  test  data  s 

how  that  stagge 

does  not  affect  the  value  of 


Figure  16.  -  Effect  of  decalage  on  A'i  and  A':.  From  Mock's  tests  (reference  14) 

Figure  17  shows  a  curve  similar  to  figure  14  derived 
SK 

by  assuming  .0G3  at  gap/chord  =  1.00- 

Munk’s  points  obviously  lie  on  a  similar  curve  passing 

through  .0635  at  gap/chord  -  1  00.  The  oh- 

served  effect  of  decalage  appears  to  follow  very  closely 
the  theoretical  effect  predicted  by  Munk’s  equation. 

The  effect  of  decalage  on  K2  is  not  covered  by  the 
theory  but  it  is  too  great  to  be  neglected.  Values  of 
K2  for  various  decalage  angles,  as  obtained  from  Mock’s 
tests  in  reference  14,  have  been  given  on  figure  16. 
A  similar  plot  from  Munk’s  data  in  table  V  is  given  on 
figure  18.  The  effect  appears  independent  of  gap/chord 


and  stagger  and  is  linear  with  decalage,  the  uniform 
slopes  giving 

~~  =  0.0186  (16) 
ad 


Decalage  therefore  affects  both  A',  and  A’2  in  equa¬ 
tion  (14),  the  effect  on  K,  being  given  by  figure  17  and 
the  effect  on  K2  by  equation  (16). 


Figure  17.-— Effect  of  decalage  and  gap/chord  on  A'i. 

III.  BIPLANES  WITH  OVERHANG 

Overhang  is  defined  as  the  ratio  of  the  difference  in 
wing  spans  to  the  span  of  the  upper  wing  and  is  posi¬ 
tive  when  the  upper  span  is  the  greater.  Overhang  is 
usually  given  in  percent  of  the  upper  wing  span,  or 

l  _  L 

Overhang  percent  =  100  -^r — - 
0  v 

where  bv  and  bL  are  the  spans  of  the  upper  and  lower 
wings,  respectively. 

Limited  tests  on  the  effect  of  overhang  are  given  in 
reference  13.  These  data  are  abstracted  in  table  X 
and  plotted  on  figure  19.  The  effect  is  surprisingly 
large.  Calculations  have  been  made  by  equations  (1) 


V 
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and  (2)  in  order  to  cheek  this  point  These  calcu¬ 
lations  are  too  long  to  be  given  in  full,  hut  the  following 
results  were  obtained: 


Over  A  an# 
percent 

A'i 

A‘i 

-  20 

-  0.025 

+  0.092 

0 

0.017 

+  0.101 

+  20 

-  0.017 

t  0  .100 

->  40 

-  0.014 

+  0.081 

50 

-0.012 

+  0.074 

07 

-  0.007 

+  0.054 

satisfactory,  although  there  is  less  difference  than 
appears  from  a  casual  inspection  of  the  curves.  In 
the  first  place,  the  existence  of  the  term  A,  is  not 
predicted  directly  by  the  theory,  equations  (1)  and 
(2)  or  (11).  The  values  of  A ,  given  above  have  been 
obtained  by  extrapolating  the  lift  curves  through  zero 
lift.  Consequently,  the  fact  that  the  values  of  Kx 
so  found  are  of  the  order  obtained  by  wind-tunnel 
test  is  about  all  that  can  be  expected.  On  the  other 
hand,  Aa  can  be  determined  with  better  accuracy  than 
K\,  so  that  the  difference  between  theory  and  experi¬ 
ment  is  here  of  more  importance.  It  appears  highly 
deeirahi*  that  special  tests  be  made  on  biplanes  with 
overhang  to  investigate  tbeee  differences.  In  the 


meanwhile,  the  values  of  A,  and  A*  for  biplanes  with 
overhang  are  probably  best  obtained  from  a  contour 
plotting  as  in  figure  21,  which  is  based  on  the  experi¬ 
mental  values  in  table  X.  In  using  this  plot  the  values 


These  are  compared  with  the  observed  values  of  A, 
and  A'j  on  figure  20.  The  agreement  is  not  entirely 


Figcr*  19.  Effect  of  overhang  on  h'i  and  Kt.  From  data  in  reference  13.  (See 
table  X.) 
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Table  20.  -Effect  of  overhang  on  A'i  and  A'i  as  found  by  observation  and  by  cal¬ 
culation  from  theoretical  curves. 

of  A,  and  A2  are  determined  first  for  a  biplane  without 
overhang  but  with  the  same  stagger,  gap  and  decalage 
as  for  the  biplane  in  question.  Spotting  these  points 
at  zero  overhang  on  figure  21,  the  corresponding  point 
at  the  desired  overhang  will  lie  on  curve  similar  to  those 
given. 
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PRACTICAL  APPLICATION 

The  relative  lift  of  the  wings  of  any  biplane  may 
now  Im»  calculated  from 

<’Lc  -CLt  M’Lv  (17) 

<’ll  Cl-\CLl  (17a) 

where  CL,  CLv,  and  CLl  are  the  lift  coefficients  for  the 
biplane,  the  upper  wing,  and  the  lower  wing,  respec¬ 
tively. 

It  has  been  shown  that 

AC,.,.  K,  i  A’/t  (141 


as  read  from  ligure  9,  A',,  is  the  change  in  A',  due  to 
stagger,  A’,.,  is  the  change  in  A',  due  to  decalage  and 
A'u  is  the  change  in  Ai  due  to  overhang.  The  actual 
value  of  Kvs  is  not  determined  directly  since  it  is  easier 
to  pass  from  the  value  of  A',  with  no  overhang  to  the 
value  of  A',  with  overhang  as  will  he  explained  later. 
The  values  of  A'lu,  An,  and  A’,.,  are  determined  as 
follow's: 

A'i„:  This  is  plotted  as  a  function  of  t/( 1  in  figure  9; 
A',,:  This  is  obtained  from  figure  It)  where  AAV*  is 
plotted  against  1/(1  and 


where  A',  and  K,  are  functions  of  gap/chord,  stagger,  i 
decalage,  overhang,  and  wing  thickness.  K,  is  numer¬ 
ically  the  lift  coefficient  on  the  upper  wing  when  the 
biplane  lift  is  zero,  while  K  determines  the  slope  of  the  j 
lift  curve  of  the  upper  wing  relative  to  that  of  the  ! 
biplane.  When  the  upper  and  lower  wings  are  of  j 
equal  area,  the  increments  A CLu  and  A(\t  are  equal 
and  of  opposite  sign.  When  the  areas  are  unequal  the 
increments  are  inversely  proportional  to  the  relative 
areas  and  of  opposite  sign.  In  any  case: 

ACLl=-ACLv^l  (18)  { 

where  »S’„  and  SL  are  the  areas  of  the  upper  and  lower 
wings.  It  should  be  noted  that  A C,.L  is  usually  nega- 
tive  in  equation  (17a). 

A  convenient  procedure  for  calculating  A (\v  is  as 
follows: 

1.  Tabulate  the  average  values  of  the  ratios; 
maximum  wing  thickness  _  t 

chord  "  r 

gap  =(J_ 
chord  r 
stagger  _  s 
chord  c 

I’se  the  average  gap  and  average  stagger  with 
an  average  chord  defined  by 

e  =  "here  Cv  and  CL  are  the 

chords  of  the  upper  and  lower  wings. 

With  tapered  wings  the  weighted  average  chord 
of  each  wing  should  be  used. 

The  effective  stagger  measured  at  zero  lift  from 
the  third  chord  points  must  be  used. 

2.  Calculate  the  ratio 
maximum  wing  thickness  _  t_t 

gap  ~G~e  '  c 

Calculate  the  overhang  if  present  by 

overhang  100^r  ^ 

where  by,  and  bL  are  the  actual  spans  of  the  upper 
and  lower  wings  without  reduction  for  fuselage 
or  nacelle  blanketing. 

4.  Calculate  K,  from  K  =  K0  +  K ,  +  Ai2  +  Kl3  (19) 

Where  A,0  is  the  value  of  K,  for  the  equal  wing 
orthogonal  arrangement  without  decalage  or  overhang 


K 


11  ~ 


aA', 


x 


(20) 


A',,  is  negative  with  negative  stagger. 

A',,:  The  effect  of  decalage  is  to  change  K,  in  a  linear 
relation: 

(  ^5^0  var'es  w'th  gap/chord  as  shown  on  fig¬ 
ure  17.  It  has  an  average  value  of  about 
0.063,  so  that  negative  decalage,  where  the 
incidence  of  the  lower  wing  is  less  than  the 
incidence  of  the  upper  wing,  gives  a  positive 
Kyl  which  increases  A',. 

Kvi\  The  actual  value  of  Kn  need  not  be  obtained, 
since  it  is  more  convenient  to  correct  for  over¬ 
hang  by  the  use  of  figure  21 ,  and  pass  directly 
from  the  value  of  A',  with  no  overhang  to  the 
value  of  Ky  with  overhang.  The  value  of  K , 
with  no  overhang  is  the  sum  of  Kl0  f  Kn  +  Kn. 
This  value  may  be  spotted  at  zero  overhang 
on  the  lower  set  of  curves  on  figure  21.  A 
curve  similar  to  those  given  and  passing 
through  this  point  gives  the  value  of  Ky  at 
any  other  overhang  as  desired.  It  is  unnec¬ 
essary  to  draw  the  curve  since  the  interpola¬ 
tion  may  be  made  visually  with  sufficient 
accuracy.  For  example,  assume  that  with¬ 
out  overhang  Ky  =A,0  +  An  +  Ku=  —  0.030, 
then  for  +  20  percent  overhang  Ky  —  -  0.050 
as  indicated  on  the  lightly  dotted  curve. 

5.  Calculate  K,  from 

Ky  =  (Kx,)F+  Kyy  +  Ka  (22) 

Where  Kx  is  the  value  of  K  for  the  desired  stagger  at 
gap/chord  =  1 .00.  F2  is  a  correction  factor  for  gap/chord 
and  aspect  ratio,  Ky  is  the  change  in  Ky  due  to  decalage 
and  Ky,  is  the  change  in  K  due  to  overhang.  The 
values  of  these  factors  are  determined  as  follows: 

Km'  The  effect  of  stagger,  is  either  read  from  figure 
13  or  obtained  from  the  equation 

Ak,  =  0.050  +  0.17^  (15a) 

Fi,  the  effect  of  gap/chord  and  aspect  ratio 
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on  Ki,  is  obtained  from  figure  12.  In  using 
this  figure,  the  average  aspect  ratio  of  the  two 
wings  must  be  used,  and  not  the  effective 
aspect  ratio  of  the  combination. 

A’.., :  The  effect  of  decalage  is  obtained  from  equation 
(Hi)  in  the  form 


A',,-  H1.018t)Su  (16a) 

where  3  is  the  angle  of  decalage  in  degrees 
with  its  positive  or  negative  sign.  Positive 
decalage  increases  K,,  negative  decalage 
decreases  K>. 

K..:  The  effect  of  overhang.  This  is  obtained 
indirectly  by  the  same  procedure  used  for  i 
Kit.  The  value  of  K,  without  overhang  is 
K.  =  (A'a,)  F  I -  A21.  This  value  is  spotted  at 
zero  overhang  on  figure  21  and  a  line  traced 
through  it  following  the  trend  of  the  upper 
set  of  curves.  This  line  gives  the  corrected 
value  of  K,  at  the  desired  overhang. 

The  relative  unit  lift  or  efficiency  of  the  upper  and 
lower  wings  of  a  biplane  is  defined  by  the  ratio 


_  cLv_cl±acLu 
e~  c,;L  cl±±c:l 


(23) 


which  is  now  readily  calculated.  Obviously,  e  will 
vary  over  wide  limits  and  in  general  it  will  become 
infinite  at  or  near  zero  lift  for  the  cellule.  Any 
method  that  works  directly  with  the  ratio  e  must 
become  unmanageable  in  the  region  of  zero  lift.  The 
method  here  developed  gives  definite  lift  coefficients 
for  any  condition. 

For  the  normal  biplane,  upper  and  lower  wing  of 
equal  areas,  with  moderate  stagger  but  without  deca¬ 
lage,  the  values  of  A',  and  Kt  in  equation  (14)  may  be 
of  the  order  of  -0.020  and  +0.120,  respectively. 
That  is, 

A(\v  =  -0.020  +  0.120  CL 
ana  A C\L  =  -  A(\v  =  +  0.020  -  0. 120  CL 

so  that  equations  (17)  and  (17a)  would  be 

CLu-  1-12  CL-  0.020 

and  CLl  =  0.88  CL  +  0.020 

When  =  0  for  this  biplane  CLv-  -0.020, 

and  ( \L  =  +  0.020  giving  e  —  —  1 .00. 

If  CL  =  +  0.01785,  CLo  =  0  and  CLl  =  +  0.0357 

giving  e  =  0.  If  CL=  -0.0228,  CLv  =  - 0.0456  and 
Cll-0  giving  e=  — oo.  At  negative  values  of  CL 
below  —0.0228,  e  will  again  be  positive.  Since  the 
vertical  location  of  the  aerodynamic  mean  chord 
depends  on  the  value  of  e ,  it  is  obvious  that  the  vertical 
location  of  the  mean  chord  is  a  function  of  the  lift 
coefficient.  It  therefore  follows  that  biplane  arrange¬ 
ments  having  positive  or  very  small  negative  values 
of  A!)  tend  to  give  a  high  location  for  the  mean  chord 
at  low  lift  coefficients,  which  tends  to  improve  the  static 


longitudinal  stability.  This  is  one  method  of  explaining 
the  improvement  in  longitudinal  stability  due  to 
negative  decalage. 

The  steps  involved  in  the  calculation  of  (\v  and  (\.L 
may  perhaps  be  clarified  by  a  numerical  example 
Assume  a  biplane  with  the  following  characteristics: 

Upper  wing:  span  bv  =40  feet,  chord  6  feet, 
area  Sv  -  230  square  feet. 

Ixiwcr  wing:  span  4,  =36  feet,  chord  5  feet, 
area  SL  =  170  square  feet. 

Mean  gap:  f»  =  70  inches. 

Uhord  (weighted  average)  c  -  67  inches. 

Stagger  measured  on  leading  edge  at  zero  lift  —  34 
inches. 

Stagger  measured  on  the  '3  chord  points  at  zero  lift 

.<  =  30  inches. 

No  decalage  3  =  0°. 

Wing  section  Olark  Y. 

Then 


-  =0.1 17  for  Clark  Y 
c 


f“P  0  ™  ,.045 
chord  c  lx 

wing  thickness  f  0.117 

gap  “  <1  U045  1- 

stagger=?=30 

chord  c  68 

overhang  s  100  =  +  10  percent 


K,  is  now  found  as  follows: 

From  figure  11,  A'0=  -  0.023. 
aK 

From  figure  10,  =0.038,  hence, 


A„  =  0.038X0.44=-  +0.017 
Ku  =  0  since  3  =  0° 

.-.  K,a+  Ku  +  Ki2  =  -0.023  +  0.017=  -0.006 
From  figure  21,  a  value  of  K,  —  —0.006  for  zero  over¬ 
hang  gives  Ki  =  —  0.022  for  10  percent  overhang. 
Hence  K\  =  -  0.022. 

K2  is  now  found  as  follows: 

From  figure  13,  or  equation  (15a) 

K„  =  0.050  +  0. 1 7  X  0.44  =  0. 1 25 
Since  the  average  aspect  ratio  of  the  two  wings  is 


ir(40)a  (30)* 
2|_230  +  170 


J  =  |  [6.95 +  7.62]  =  7.3, 


the  value  of  F  from  figure  12  is  A=0.82,  so  that 
KxF=0. 125X0. 103.  For  zero  decalage  K2l  =  0.  Hence 
(A'jo  F)  \  Kn  =  0.103.  From  ligure  21  a  value  of 
A'* -0.103  for  zero  overhang  gives  K,  =  0.138  for  10 
percent  overhang. 

The  lift  increment  for  the  upper  wing  is 
ACt„=  -0.022  + 0.1 38Ct 

and  for  the  lower  wing  it  is  A(',.l  =  -  A(\v 

°30 

=  -[-0.022  +  0.138 
=  +0.030-0.187  CL 


•  • 
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CLu  =  CL- 0.022  +  0.138  CL 
=  1.138  CL  -0.022 

and  (\L  =  CL  +  0.030  0.137  CL 

=  0.813  Ct  t  0.030 
The  relative  lift  is 

f'iv  1.138  CL- 0.022 
e  <\L  0.8 13YY  + 0.030 

CONCLUSIONS 

The  method  here  outlined  for  calculating  the  lift, 
coefficients  of  the  individual  wings  of  a  biplane  has 
been  based  on  a  combination  of  theoretical  and  experi¬ 
mental  data.  In  some  respects  there  is  excellent 
general  agreement  between  theory  and  experiment, 
as  follows: 

1  (/ .  The  effect  of  gap/chord  stagger  and  aspect  ratio 
on  K,  as  shown  by  figure  11,  table  IX,  and 
figure  13.  (See  equation  11.) 

2ff.  The  effect  of  decalage  on  K,  as  shown  by  figure 
17.  (See  equation  12.) 

The  experimental  data  are  consistent  and  fairly  com¬ 
plete  in  other  items  such  as: 

lA.  The  effect  of  wing  thickness  and  gap/ehord  ratio 
on  A,  with  zero  stagger  as  shown  by  figure  9. 

2A.  The  effect  of  decalage  on  Ka  as  shown  by  figures 
16  and  18. 

The  remaining  factors  that  need  further  investigation 

are: 

lc.  The  effect  of  stagger  on  A).  Special  tests  to  ob¬ 
tain  greater  accuracy  in  figure  10  are  highly 
desirable. 

2c.  The  effect  of  overhang  on  A',  and  A2.  Special 
tests  to  obtain  greater  accuracy  in  figure  21 
are  required. 

3c.  The  extension  of  test  data  to  maximum  negative 
lifts.  Available  test  data  indicate  no  appre¬ 
ciable  change  in  A2  at  zero  lift.  Special  tests 
should  be  made  to  investigate  this  effect. 

Several  conclusions  may  be  drawn  from  a  study  of 
the  method  developed  in  this  report,  in  the  light  of  the  1 
foregoing  summary. 


Bureau  of  Aeronautics, 

Navy  Department, 

Washington,  D.C.,  February  Id 
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TABLE  1 

LIFT  COEFFICIENTS  FOR  U  S  A.  TS-5  BIPLANE 

8KW>-tW-W»< 


TABLE  IV 

DIFFERENCE  BETWEEN  LIFT  COEFFICIENT  OF 
UPPER  WING  AND  BIPLANE' 


R.A.F.-15  auction— Vo  Decaiage 


Oap 

chord 

Stagger 

chord 

Reference 

_ 

Nominal 

Effective 

_ 

11*) 

-H)  57 

0  60 

+0  015  4-0.  130  (  'l 

R.  A  M.  Vft* 

1  00 

0 

-h.UCt 

+  002+  027  Ci 

K  A  M  5nw 

100 

-.67 

-.54 

-  .  005—  .  US  Ct. 

K  &  M  Sw 

roo 

0 

U2 

-  ‘UK-*-  lOtf  Ci 

R  A  M  774 

i.  no 

Vi 

+  .006+  .  146  Ct 

R  A  M.  657. 

1.00 

.27 

W 

-.006+  0W1  Ci. 

K.  As  M.  857. 

1.  (JU 

~.:W 

-25 

-  004+0 

K  A  M  K57. 

1  From  British  A.R.t'.  Reports  and  Memoranda  as  indicated. 


i 


D 


yj 


TABLE  V 

DIFFERENCE  BETWEEN  LIFT  COEFFICIENT  OF 
UPPER  WING  AND  BIPLANE'  GOTTINGEN  133 
SECTION 


Gap 

chord 

Stagger 

chord 

Decalage 

degrees 

"i|f 

Nominal 

Effective 

100 

0 

0.06 

-4 

—  2 
o 

+2 

+4 

+0.  213+0.  020  ft. 
+  103+  .  025  Cl 
-  .020+  .  060  Cl . 
-.  165+  .  120  Cl. 
— .  220+  130  ft. 

1.00 

.V) 

.56 

—  4 

-2 

0 

+2 

+4 

+  .250+  .  100  ft. 
+.  132+  .  115  Ci.. 

-  .002+  .150  CL. 
-.  125+  .  160  ft. 

-  .262+  .  225  Ct. 

.667 

0 

.04 

-4 

—  2 

0 

+2 

+4 

+.240+0 
+.  106+  .  (05  ft. 

—  .046+  .  068  ft. 
-.192+  .130  Cl. 

-  342+  170  Ct 

.667 

.50 

.54 

-4 

-2 

0 

+2 

+< 

+.315+  .  120  Ct. 
+.  185+  .  165  ft. 
+.  028+  .  220  Cl. 
-.113+  250  ft. 
— ,  2+1+  .  280  Ct. 

'  From  Tachnischfl  fleridite  11-2. 


TABLE  VI 

VARIATION  OF  Kx=bCLu  AT  ZERO  LIFT  AS  A  FUNC¬ 
TION  OF  CHORD,  GAP,  STAGGER  AND  WING  THICK 
NESS 


Wing 

thick- 


T hick  ness 


Change 
in  A'i 
with  ! 


•  •  • 


•  •  • 
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TABLE  VII 

EFFECT  OK  RATIO  ON  K, 


Dap 

>/» 

of  Muck's  factor 

(tap 

chord 

sr 

H\k *  °v 
Muuk’s 

Typical  curves 

'  6-rtc 

factor 

As  cal¬ 
culated 

Faired 

i 

!  i 

0. 4 

1  0. 067 

,  1.  if, 

1.840 

1.850 

0.(174 

0.  148 

0.222 

a  296 

1 

.6 

1  .  too 

«  1.00 

1  4*2 

1  490 

059 

.  118 

178 

239 

.  K 

!  .  m 

*25 

1.223 

1.  210 

048 

007 

.  145 

.  194 

; 

1.  0 

167 

.  675 

1  Utf) 

1  000 

040 

.080 

.  120 

.  160 

1  1. 2 

.  200 

.570 

*45 

.845 

004 

.068 

.  101 

.  135 

1 

I.  4 

233 

490 

.726 

.725 

0 89 

.058 

.087 

.  116 

1  rt 

267 

425 

.630 

.630 

.02 o 

050 

.076 

.  101 

1  8 

:«») 

.  .’170 

.  548 

.  540 

022 

.044 

066 

.088 

i  0 

.:«« 

1)20 

474 

.475 

.019 

.0)8 

057 

076  1 

Note. 

The  typical  curves  are  based  on  assumed  values  of  h'i  for  gap/chord  =  100. 

TABLE  VIII 

CALCULATIONS  FOR  CORRECTION  CURVES  GIVING 
EFFECT  OF  OAP'CHORD  ON  K , 


TABLE  IX 


VARIATION  OF  K.  WITH  STAGGER 


Stagger 

chord 


!  Nomi¬ 
nal 


Basic 


i  | 

A  Ctr 

LMunk’sj 

ACt 

;  factor 

i  ,  *' 

chord  from  1 

Cor¬ 

1  figure 

rected 

12  i  served 

rf“ 

Reference 


0 

a  04 

0.50 

1.66 

aui7 

a  oio 

N  AC  A  T 

1  0 

07 

.75 

1.  27 

.060 

047 

L>o 

1  25 

.31 

.75 

127 

111 

.087 

lk» 

50 

+  .  56 

.75 

1.27 

100 

126 

Do 

.  -.25 

-  16 

1.00 

100 

.009 

009 

Do 

:  o 

+.00 

1.00 

1  00 

.076 

076 

Do 

.25 

.34 

too 

1  00 

.096 

.096 

Do 

50 

59 

1  00 

1.00 

141 

.  141 

Do 

.  75  !  .84 

1  00 

1.00 

.  172 

.  172 

Do. 

i  0 

.  II 

1  25 

.81 

061 

(179 

Do 

.25 

.36 

1.25 

.81 

088 

.  109 

Ik*. 

50 

61 

1.25 

.81 

.096 

.  119 

Do 

0 

.  13 

1.50 

.67 

.050 

.075 

Do. 

0 

.  18 

2.00 

.47 

.042  L  .089 

Do. 

0 

.06 

I  00 

1.00 

.060 

.060 

T  B  11-2. 

!  50 

.  50 

1.00 

MW 

.  150 

150 

Ik). 

0 

.04 

67 

1.39 

.088 

.063 

Do. 

.50 

54 

.67 

1.39 

220 

158 

Do. 

-  51 

-.47 

0.9 

1.  10 

104 

-.095 

N.A.C.  A.  T 

, 

-  66 

1.2 

84 

-.  112 

-.  133 

Ilo 

0 

+.02 

0.6 

1.  49 

+.  127 

+  085 

IV). 

0 

.02 

an 

1.21 

088 

072 

Do. 

0 

03 

1.0 

1.00 

.060 

.060 

Ikt. 

i  0 

04 

12 

.84 

.038 

.045 

Do 

+.  16 

.  17 

0.6 

1.  49 

.  157 

.  105 

Do. 

;  • 24 

.  26 

0.9 

1.  10 

.  116 

.  KVS 

Do 

!  .31 

.35 

1.2 

.84 

.  MM 

124 

Do. 

1  :*.*» 

.36 

0.6 

1.  49 

236 

.  158 

I>«. 

52 

54 

0.9 

1.  10 

.  178 

161 

D» 

.69 

F  72 

1.2 

.84 

+  .  147 

f .  175 

Do 

— .  M 

-  :)5 

0.9 

1.  10 

-.030 

- .  027 

Do 

■  0 

+  .  16 

0.9 

1  10 

+.077 

+.070 

Do 

+  51 

+  64 

a  9 

1-10 

.  198 

.  180 

/Jo. 

j  57 

.60 

1.00 

1  00 

.130 

.  130 

K.  A  M  589. 

0 

+  .02 

1.00 

1  00 

.027 

.027 

Do. 

|  -.57 

-.54 

1.00 

1.00 

115 

-.  115 

Do. 

J  0 

+  .02 

1.00 

1.00 

036 

.006 

RAM.  774. 

+  .56 

.58 

1.00 

1.00 

146 

.  146 

R  A  M.  857. 

+.27 

-*-.30 

i.  on 

J  00 

091 

091 

Do. 

-.‘Hi 

-.25 

1.00 

:.oo 

0 

0 

Do. 

— 

- - 

__ 

-  •  — 
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TABLE  X 

EFFECT  OF  OVERHANG  ON  LIFT  DISTRIBUTION 


Overhang 

•  lap 

Stagger 

Deralaee 

A'  * 

percent 

chord 

chord 

-20 

1.00 

0 

0 

+0. 020-0.053  (  \r 

0 

LOO 

0 

0 

-.023+  .063  CVe 

+20 

1.00 

0 

0 

-.043+  .120  Cvr 

-HO 

1.00 

0 

0 

-.030+  .  152  CVr 

j  Overhang  percent— 100^^“ 
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Positive  directions  of  axes  and  angles  (forces  and  moments)  are  shown  by  arrows 


Axis 

Moment  about  axis 

Angle 

Velocities 

Designation 

1 

Force 
(parallel 
u>  axis) 
symbol 

Designation 

8sr 

Positive 

direction 

Designa¬ 

tion 

■ 

Linear 
(compo¬ 
nent  along 
axis) 

Longitudinal _ 

X 

X 

L 

y— _  z 

* 

V 

V 

Y 

Y 

M 

Z - .  X 

8 

V 

Z 

z 

N 

x — .  y 

V) 

Absolute  coefficients  of  moment 

r  L_  r  K 

U  qbS  Cm~qcS 


Angle  of  set  of  control  surface  (relative  to  neu¬ 
tral  position),  5.  (Indicate  surface  by  proper 
subscript.) 


4.  PROPELLER  SYMBOLS 


D,  Diameter. 
p,  Geometric  pitch. 
pID,  Pitch  ratio. 

V',  Inflow  velocity. 

V„  Slipstream  velocity. 

T 

T,  Thrust,  absolute  coefficient 

Q,  Torque,  absolute  coefficient  Cq— -jjjtjyi 


P,  Power,  absolute  coefficient 

<7s,  Speed  power  coefficient  — 
ij,  Efficiency. 

n,  Revolutions  per  second,  r.  p.  s. 

$,  Effective  helix  angle  =  tan'1  (jfcfji) 


5.  NUMERICAL  RELATIONS 


1  hp.  =  76.04  kg/m/a  =  550  lb  ./ft. /sec. 
1  kg/m/s —0.01315  hp. 
l  mi./hr.  “0.44704  m/s 
1  m/s  ”2.23693  mi./hr. 


1  lb.  =0.4535924277  kg. 

1  kg  =  2.2046224  lb. 

1  mi.  =  1609.35  m  =  5280  ft. 
1  m  =  3.2808333  ft. 


•  •  •  •  •  • 


